Many environmental situations in natural and agricultural plant ecosystems (e.g., canopy shade, high-density plant crowding) affect the fluence ratio of FR to R light (FR : R) of the plant microenvironment and plant morphogenic development (Decoteau et al., 1989; Hunt et al., 1989; Kasperbauer, 1971) . For example, tobacco (Nicotiana tabaccum L.) grown in the shade of a plant canopy received a 700% increase in FR : R as compared to an open-field (no shade) situation, primarily due to the selective absorption of R wavebands of light by chlorophyll pigment of leaves in the upper plant canopy (Kasperbauer, 1971) . Plants exposed to greater FR : R during the photoperiod grew taller (Decoteau et al., 1988; Kasperbauer, 1971; Kasperbauer and .Karlen, 1986) , had thinner leaves (Kasperbauer, 1988) , more axillary shoots (Decoteau et al., 1988) , and smaller shoot relative to root biomass (Kasperbauer and Karlen, 1986) than plants that were exposed to smaller ratios of FR : R.
Brief exposures (15 min or less) of young actively growing plants to irradiances of monochromatic R or FR light at the end of each photoperiod generated plant growth trends similar to the developmental growth of plants grown in continuous low FR : R or high FR: R, respectively, during the light period (Decoteau et al., 1988; Kasperbauer and Karlen, 1986) . These EOD light treatment effects on plant development can be used to demonstrate and categorize phytochrome-mediated growth responses without the often associated microclimate modifications of altered light irradiance levels and/or modified leaf temperatures that occur in ecosystems when light quality is modified (e.g., canopy shade).
Most plants for which phytochrome-mediated growth responses have been categorized are upright-growing annual plants, such as tobacco (Kasperbauer, 1971) , soybean , wheat ' (Kasperbauer and Karlen, 1986) , and tomato (DeReceived for publication 15 Aug. 1990 . Technical contribution no. 3088, South Carolina Experiment Station, Clemson Univ. This research was supported (in part) from South Carolina Experiment Station Project 1187 and a U.S. Dept. of Agriculture Special Grant P.L. 89-106. The cost of publishing this paper was defrayed in part by the payment of page charges. Under postal regulations, this paper therefore must be hereby marked advertisement solely to indicate this fact. coteau et al., 1988) . Limited research has been directed at demonstrating and categorizing phytochrome-mediated growth effects of relatively horizontal-growing ("runnering" type) plants, as are many members of the Cucurbitaceae. The objective of this research was to document phytochrome-mediated growth effects in watermelon by modifying EOD light quality for plants.
Materials and Methods
Plant material. 'Sugar Baby' watermelon seeds were sown into l-liter pots one seed per pot) filled with a commercial potting mix (Fafard Soilless Mix No. 3; Fafard, Anderson, S. C.) and placed in a controlled-environment room for seed germination and plant growth. The room was equipped with multivapor HID lights (General Electric Corp.) that provided 550 µmol·s -1 ·m -2 during a 12-h photoperiod. The day/night cycle averaged 27/21C. Fifteen plants were analyzed per light treatment. The plants were placed in the plant-growing area of the controlled-environment room in a completely randomized design.
Light treatments. EOD light treatments began 14 days after germination, when plants were in the two true-leaf stage of development. EOD light treatments consisted of exposing plants to R or FR light for 15 min each day at the end of the photosynthetic period and then returning the plants to darkness in the plant-growing area of the controlled-environment room. All plants received the same light spectra and amount of photosynthetically active radiation during the day, but were influenced by phytochrome regulation of photosynthate partitioning, as described by Kasperbauer (1987) . EOD R exposure (2.8 W·m -2 in the 600-to 700-nm waveband) was obtained by filtering radiation from six cool-white, 40-W fluorescent lamps through a RosCOlUX #19 acetate filter (Rosco, Port Chester, N.Y.). EOD FR light exposure (10 W·m -2 in the 700-to 780-nm waveband) was obtained by filtering radiation from two 150-W internalreflector, incandescent lamps through a polyacrylic sheet of cast acrylic #271 1, dark red (Rohm and Haas, Bristol, Pa.). To test the photoreversibility of light exposures on plant development, one set of plants received 15 min of FR followed immediately by 15 min of R light at the end of each photosynthetic period. A control set of plants was not treated with EOD light.
Plant growth measurements. After 4 days of EOD light treatments, petiole lengths from true leaves 1 and 2 (counted from the cotyledons) were recorded from all plants. The internode between leaf 1 and leaf 2 had not elongated at this time, so the angle formed by leaf petiole 1 to leaf petiole 2 was measured. Leaf petiole lengths were measured with a caliper equipped with a micrometer dial accurate to 0.01 mm, and leaf angles were measured with a protractor. After 7 and 21 days, five plants from each EOD light treatment were harvested, and leaf area, plant biomass, dry weights, leaf petiole lengths, and internode lengths were measured. Leaf areas were measured with a LI-COR (Lincoln, Neb.) 3100 area meter, and dry weights of all leaves, petioles, and stems were determined after oven-dying for 7 days at 70C. Internode lengths were measured with the micrometer.
Determination of residual longevity of EOD light effects on plant growth. After 21 days of EOD light treatments, five plants from each light treatment were removed from the controlledenvironment room and placed in a nonshaded glass greenhouse and exposed to natural daylight. These plants received no subsequent EOD light. After 14 days in the greenhouse, all plants were harvested for determination of leaf area, dry weight, leaf petiole lengths, and internode lengths using the previously described methods.
Statistical analyses. All results were tested by analysis of variance. LSD values were calculated for use in multiple comparison of treatment means.
Results and Discussion
Light treatment effects on young watermelon plants were observed after 4 days of EOD light exposures. Petioles of leaf 1 and leaf 2 were longer, and angle formed by the junction of these petioles to the stem was more acute in plants treated with Table 1 . Influence of EOD light on watermelon growth after 4 days of treatment.
**Significant at P = 0.01 by analysis of variance. Mean separation in columns by LSD, P = 0.01.
EOD FR light than in plants treated with EOD R light or in non-EOD-treated (control) plants (Table 1) . EOD FR light effects on leaf petioles and petiole angles were reversed by following the FR exposure with R. This photoreversion provides supporting evidence that these plant growth effects are mediated by phytochrome. Petiole elongation has been shown previously to be influenced by EOD light treatments in Cucurbita pepo L. (Holmes and Smith, 1977) and Thlaspi arvesre L. (Metzger, 1988) . Such treatments and photoperiod affected petiole elongation of Glycine mux (Thomas and Raper, 1985) . Zack and Loy (1980) reported that EOD incandescent light affected internode elongation of Cucurbita maxima. Thomas and Raper (1985) observed that EOD light quality, but not photoperiod, had an effect on internode elongation of Glycine. Work by Morgan et al. (1980) on, supplemental FR light during the photoperiod on Sinapis alba L. stem extension demonstrated a rapid increase in stem extension rate (≈2 to 3 µm·min -1 ) after a 13-min lag period following initiation of FR supplement. In the present experiment, we could not measure such a rapid increase in stem elongation following EOD FR light treatment either because of 1) species differences in sensitivity to light treatments, 2) EOD FR treatments were not as effective as supplemental FR during the photoperiod in enhancing growth, or 3) our inability to measure small increments of growth that may have occurred.
After 7 days, EOD FR light-treated plants had more plant biomass allocated to the petioles, stems, and roots, and had longer stems than plants in the EOD R light treatment (Table  2) . These EOD FR light-induced growth effects were photoreversed with EOD R light. EOD light treatments had no effect on leaf biomass, shoot : root biomass ratio, and leaf area per plant. EOD FR light treatments increased lengthening of internodes 2 and 3 and enhanced petiole elongation of the three leaves present on the plant (Table 3) .
After 21 days of light exposure, EOD FR light-treated plants had more petiole biomass and longer stems than plants with EOD R light or control plants (Table 4) . EOD FR light-treated (Table 5) . EOD FR light-induced lengthening of leaf petioles 1, 2, 3, and 4 was also photoreversible by treatment with EOD R (Table 6) . Increase in the relative shoot : root biomass ratio was a relatively late phytochrome-mediated growth response to EOD FR light treatment in this experiment. More biomass had been allocated to petioles and less to roots after 21 days of EOD FR light treatment, causing a relative increase in shoot : root biomass ratios in such plants. This observation is in agreement with previous research on wheat (Kasperbauer and Karlen, 1986) . EOD light treatment had not affected leaf area at any of the days when plants were harvested. These results suggest that leaf area is not under the influence of EOD light treatments and may not be phytochrome-mediated.
Plants that were treated with EOD light for 21 days and then placed in the greenhouse for an additional 2 weeks of growth without EOD light exhibited no residual light treatment effects on partitioned biomass, shoot : root biomass ratios, leaf area per plant, or stem length (data not shown). No residual light treatment effects on internode lengths were noted, but petioles of leaves 1, 2, 3, and 4 were longer in the EOD FR-treated plants than in EOD R or EOD FR : R-treated plants or in the controls.
Plant photoreceptors have been proposed to have specific, identifiable functions (Smith, 1986) . The phytochrome photoreceptor appears to function in perceiving light stimulus as an indicator of particular environmental situations (such as shade) and stimulating metabolic processes that result in growth responses that attempt to maximize plant survival (Holmes and Smith, 1977; Kasperbauer, 1987) . Our previous work with tomato (Decoteau et al., 1988) and bell pepper (Decoteau et al., 1990) has indicated that plants treated with EOD FR light had similar growth to those grown in relatively high FR : R light environments. We suggest that the response of watermelon in this experiment to EOD FR (petiole elongation, internode elongation, etc.) would be similar to growth in high FR : R light environments in the field.
In summary, early watermelon plant growth is affected by subtle changes in light quality as perceived by the phytochrome photoreceptor. Growth characteristics that were affected by EOD FR light include petiole elongation, internode elongation, leaf petiole angles, and biomass distribution. This information should be useful in determining survival growth mechanisms of watermelon in response to shade or crowding and may assist in the development of agricultural production practices (e.g., reflective mulches, spectral-wavelength-selective rowcovers) that modify environmental variables, such as light, to generate desirable plant growth responses.
